It has been well established that many species of cultured fish require a dietary source of ascorbic acid (AsA) for normal growth. [1] [2] [3] [4] [5] [6] [7] [8] [9] AsA is readily oxidized to an irreversible form, diketogulonic acid and its degraded products, during processing and storage of feeds because of its chemical instability. Therefore, it should be included in feeds at levels in excess of the stated requirement to compensate for the considerable losses during processing and storage.
Several AsA derivatives, which are more stable than AsA, have been tested for their biological activity as a vitamin C source. For instance, L-ascorbyl 2-sulfate, L-ascorbyl 2-phosphate, L-ascorbyl 2-polyphosphate, and L-ascorbyl 6-palmitate prevented scurvy in channel catfish.10,11) Magnesium L-ascorbyl 2-phosphate (AsP) has also been reported to have biological activity in kuruma prawn Penaeus japonicus and to be more stable than AsA in prawn diets.12) If AsP is hydrolyzed to AsA in the fish body, it will become a useful source of vitamin C. The present study was designed to evaluate the efficiency of AsP as a vitamin C source for rainbow trout.
Materials and Methods

Fish and Feeding Methods
Rainbow trout eyed eggs were obtained from Shiga Prefectural Trout Culture Station, Samegai and hatched out in our labratory. The fry were supplied initially with ground beef liver and a commercial crumble diet (Nihon Nosan Kogyo Inc., Tokyo). After 8 weeks, the fish (average body weight 0.65g) were divided into 9 groups of 130 individuals each and each group was kept in an aquarium (50l) provided with continuous supply of well water (16•Ž) flowing at a rate of 1.5 l/min. The fish fed on the AsA-free diet began to show typical signs of scurvy, such as lordosis, scoliosis, hypodermal bleeding, and exophthalmus, at the 9th week of rearing. In addition, the fish of this group began to show a loss of appetite at the end of the 12th week of rearing, resulting in cessation of their growth. By contrast, the fish fed AsP-supplemented diets as well as those fed AsA-supplemented diets showed excellent growth and absolutely no vitamin C deficiency signs.
Weight gain, feed efficiency, the hepatosomatic index and hematocrit value are presented in Table 2 . The AsA-free group showed a lower weight gain and feed efficiency and a significantly (p<0.05) higher hepatosomatic index than any of the other groups. Hematocrit values of the AsA 20mg-and AsP 43mg-supplemented groups had a tendency to be lower than those of the other groups.
The proximate composition of the muscle was determined in each group after 15 weeks. There were no remarkable differences in the percentages of moisture, crude protein, crude lipid, and crude ash among the groups.
The AsA concentrations in the liver and plasma are presented in Table 3 . No detectable amount of AsP was found in the liver and plasma of fish of AsP-supplemented groups.
The fish fed the AsA-free diet had a very low AsA concentration in the liver . The AsA concentration in the liver of the ASP 22mg-supplemented group was significantly (p<0.01) higher than that of AsA 10mg-supplemented group. However, no significant differences were observed in the AsA concentrations in the liver among AsA 20, 50, and 200mg-, and ASP 43 and 108mg-supplemented groups. Similarly, the AsA concentrations in the plasma of fish fed AsA-free diet were below detectable limits. However , the plasma AsA concentrations were raised according to the increase in the dietary ASP or AsA concentrations. There were no significant differences in the plasma AsA concentration between the AsAsupplemented group and the group supplemented with an equimolar amount of ASP except for the AsA 20mg-and AsP 43mg-supplemented groups. The plasma AsA concentration of the ASP 43 mg-supplemented group was significantly (p< 0.01) higher than that of the AsA 20mg-supplemented group. The molar ratios of Hyp to Pro in acid soluble collagens extracted from the skin and bone are presented in Fig. 1 . The molar ratios in collagens of the skin and bone were significantly (p<0.01) lower in the AsA-free group than noted in the other diet groups. No differences in the ratios were observed among the other 8 groups.
Discussion
The results of the present study indicate that the rainbow trout is capable of effectively utilizing ASP as a vitamin C source.
No signs of scurvy were found in any of the AsP-supplemented groups. The AsA concentrations in the liver and plasma of AsP-supplemented groups were slightly higher than or almost the same as those of the AsA-supplemented groups. No ASP could be detected in the liver and plasma of fish fed AsP-supplemented diets. This result indicates that ASP was readily converted to AsA in the rainbow trout body and that it had an equivalent physiological activity to that of AsA. We used the ratio of Hyp to Pro in collagens isolated from the skin and bone together with the concentrations of AsA as an indicator of AsA status in the fish body, because the ratio decreases before the fish develop the apparent AsA-deficiency signs. 7, 8) Statistical differences in the ratios were not found among ASP-and AsA-supplemented groups.
The ratios for the AsA-free group, which exhibited scurvy signs, were lower than those of the other 
